Radiation response of the rat cervical spinal cord after irradiation at different ages: tolerance, latency and pathology.
The investigation of the age dependent single-dose radiation tolerance, latency to radiation myelopathy, and the histopathological changes after irradiation of the rat cervical spinal cord. Rats, ages 1-18 weeks, were irradiated with graded single doses of 4 MV photons to the cervical spinal cord. When the rats showed definite signs of paresis of the forelegs, they were killed and processed for histological examination. The radiation dose in paresis due to white matter damage in 50% of the animals (ED50) after single dose irradiation was about 21.5 Gy at all ages > or = 2 weeks (mean 21.4 (mean 21.4 Gy; 95% CI 21.0, 21.7 Gy). Only the ED50 at 1 week was significantly lower (19.5 Gy; 18.7, 20.3 Gy). The latency to the development of paresis clearly changed with the age at irradiation, from about 2 weeks after irradiation at 1 week to 6-8 months after irradiation at age > or = 8 weeks. The white matter damage was similar in all symptomatic animals studied. The most prominent were areas with diffuse demyelination and swollen axons, often with focal necrosis, accompanied by glial reaction. This was observed in all symptomatic animals, irrespective of the age at irradiation. Expression of vascular damage appeared to depend on the age at irradiation. No vascular damage was observed in the rats irradiated at 1 week, clearly altered blood vessels were seen in animals symptomatic 10 weeks after irradiation at > or = 3 weeks, and vascular necrosis occurred after > or = 6 months in some rats irradiated at > or = 8 weeks. Although the latency to myelopathy is clearly age dependent, single dose tolerance is not age dependent at age > or = 2 weeks in the rat cervical spinal cord. The white matter damage is similar in all symptomatic animals studied, but the vasculopathies appear to be influenced by the age at irradiation. It is concluded that white matter damage and vascular damage are separate phenomena contributing to the development of radiation myelopathy, expression of which may depend on the radiation dose applied and the age at irradiation.